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The second term of (1) is derived from the 
incoherent intensity due to the roughness of the 
surface. It contains a parameter of the surface 
and a Fresnel reflection factor depending on 
, which is the local angle of incidence on the 







 (fig.1). It 
also contains a shadowing/masking factor 
),,( 21 φθθC depending on a roughness parameter 
of the surface “s”. The last factor of this second 
term has been derived assuming a gaussian 
statistical distribution of the amplitude variations 
of the surface. The angle α  is the angle between 
the normal to the “specular” facets and the vector 
z1
r
normal to the mean plane of the corrugations. 
Finally, the third term comes from the 
intensity reflected by the volume of the material. It 
contains a parameter of the material called vα , 
whereas  is the total reflection factor of 
the surface for an angle of incidence 
)(θρ surf
θ . It is 
defined in [1] as the integral of the two first term of 


















Figure 1 : Definition of the incidence and 
scattering angles and vectors. 
In this expression (1) of the general model, 
any surface or any object reflecting light is 
characterised by five parameters : the refractive 
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index “n”, the roughness parameter “s” and the 
three amplitude parameters sα , and scα vα .  
2. SPECTRAL MODELIZATION 
Spectroradiometric measurements have been 
carried out to investigate the assumption that the 
spectral dependence of the radiance factor is 
limited to the volume contribution for non-metallic 
materials, and more particularly to the parameter 
vα . The small spectral dependence in the surface 
contribution due to the refractive index “n” is not 
significant for most non-metallic materials. 
 
The spectral radiance factors of some 
coloured samples have been measured, for several 
directions of incidence and scattering. In these 
experiments, the surface and volume contributions 
are separated by polarization. The comparisons of 
the measurements with the general model of 
reflection have shown that : 
- the volume contribution has a spectral 
dependence which is nearly the same for all 
directions of incidence and scattering; 
- the surface contribution is almost independent 
on wavelength for non-metallic materials, in 
spectral regions where the separation between 
both contributions is effective and also where 
the surface contribution is significant. 
 
These first conclusions are in favour of the 
assumption that only vα  is responsible for the 
spectral dependence of light reflection, and 
therefore for the colour of non-metallic materials. 
 
3. SHADOWING/MASKING FACTOR 
In the first version of the light reflection 
model [1,2], the shadowing/masking factor 
),,( 21 φθθC  was simply expressed by the product 
)()( 21 θθ CC , )(θC being defined in [1,2] on the 
basis of theoretical and experimental studies. A 
first improvement was an expression for the 
backscattering half-plane, where the shadowing 
and masking processes are not independent : 
{ } )2()(),(min),,( 2121 θθπφθθ CCC ==  










aC πθ  
with θcotsa = . This theoretical expression has 
been taken from Bass and Fuks [3]. It is a little 
more complex than the initial function )(θC , but 
it is consistent with energy conservation and it can 
be extended for non-gaussian surfaces. For 
scattering directions outside the plane of incidence, 
no simple relation has been found in the litterature, 


















This corresponds to a continuous variation of 
the shadowing/masking factor between the half-
planes of forward and backward scattering. The 
factor )(φK  is an approximation based on 
statistical studies operated on gaussian surfaces. 
4. ENHANCED BACKSCATTERING AND 
SECOND-ORDER SCATTERING 
Measurements of light reflected by road 
pavements have shown the enhancement of 
backscattering for very rough surfaces. This effect 
has already been reported by other authors : see, 
for example, [4]. These authors have suggested that 
this enhancement was due to multiple scattering 
between surface elements. 
At present, an experimental correction to the 
model (1) has been adopted to take this effect into 
account. This correction is reported in another 
communication [5]. 
In addition, some analysis have been 
performed on the second-order reflections ”inside” 
the surface with ray tracing statistics. It is intended 
to investigate the possible effect of multiple 
scattering on enhanced backscattering, and perhaps 
to propose a theoretical correction of the second 
term of the model (1).  
Most results and conclusions about enhanced 
backscattering have been derived for “perfectly 
conducting” surfaces characterised by 1=sρ . 
However, for non-metallic surfaces (which is a 
frequent situation in lighting calculations), second-
order reflections depend on terms proportional to 
. Therefore, it is not evident that second-order 
reflections have a significant effect. An expression 
has been derived for the contribution of second-
2
sρ
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order reflections. This expression is not reported 
here. Only some significant results of its 






































)(γw is the statistical distribution of the slopes 
- second-order reflections don’t seem to be 
highly significant for non-metallic materials. 
They only become significant if the surface is 
very rough (s<2) and if the refractive index 
“n” increases beyond n=1.8, which seems 
reasonable since Fresnel reflection factors 
increase with “n”; 
γ  
of the rough surface. If this distribution is gaussian, 
t  second term of (1) is retrieved. 
- however, first-order reflections (corresponding 
to the second term of (1) ) can explain 
enhanced backscattering at grazing viewing 
angles, for very rough surfaces (see fig.3). In 
some cases, second-order reflections also 
create an enhanced backscattering effect, but 
this effect is of small amplitude (fig.2). 
These first conclusions must of course be 
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Figure 2 : Luminance factor ( ) in the plane 
of incidence for a rough surface with s=0.25 and 
n=1.5. Incidence 
310−×






5. NON-GAUSSIAN SURFACES 
Some differences have been found between 
measurements and the model (1) for road 
pavements. A possible explanation would be that 
the statistical distribution of the surface 
corrugations is not gaussian. To investigate this, a 
more general expression for the second term of (1) 
is now proposed, which will allow to test the model 
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igure 3 : Luminance factor (× ) in the plane 310−
f incidence for a rough surface with s=0.75 and 
=1.8. Incidence °= 601θ . Surface contribution. 
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